This paper presents results of the research focused on the possibility of the restoration of the shape parts of molds made of X15CrNiSi20-12 (EN 100 95) heat-resistant austenitic chromium-nickel stainless steel working in high-pressure die casting of aluminum alloys by clad welding. There were tested two welding wires-E Ni 6625 and E 18 8 Mn B 2 2-deposited on X15CrNiSi20-12 (EN 100 95) tool steel using cold metal transfer (CMT) welding in a protective atmosphere of Ar.
Introduction
High-pressure die casting technology (HPDC) is a balanced system of interrelations between the properties of the aluminum alloy melt, the design of the mold-including the inlet and venting, as well as the conditions of mold cavity filling, in particular the melt velocity in the mold-and the hydrodynamic pressure [1] . A key component of this technology is the mold and, mainly, its shape part-the mold insert. The morphology and microgeometry of the surface of the mold shape part is reflected in the surface quality of the aluminum castings. The particularity of HPDC technology is the mass production of thin-walled castings with a high quality of their surface.
Shape mold parts and mold cores for the casting of aluminum alloys must possess suitable physical and mechanical properties at elevated temperatures. These properties are essentially defined by the thermal and mechanical stresses as well as by the interaction at the interface between the mold and the aluminum alloy melt. In particular, the high velocities of the turbulent to dispersive filling of the mold cavity by the aluminum alloy melt, the high hydrodynamic pressures generated by the melt on the shape part of the mold and relatively high temperatures on the surface of shape parts of molds can significantly shorten the lifespan of molds and cores. All these phenomena cause the degradation of the surface of mold shape parts by mechanisms of erosion, abrasion, corrosion and heat fatigue of the mold, each of which act at the same time [2] .
Since molds and dies work under heavy mechanical and thermal conditions, they are made of complex alloyed steels with the main alloying elements being Cr, V, Mo, or W, or a combination of these. Detailed analysis of the wear of different types of molds and dies was performed by Jhavar [3] . As the main mechanisms of mold damage, they identified wear (abrasive, adhesive, according to the purpose of the mold: mold for casting or die forging), erosion and mechanical and thermal fatigue. Jhavar [3] identified wear-influencing factors as follows: temperature, atmosphere, contact area, load, material properties, finish, velocity, lubrication, shape, vibration, sliding distance and type of motion. The material characteristics of molds and dies are also important, especially hardness, yield strength, elastic modulus, ductility, toughness, work-hardening characteristics, fracture toughness, microstructure, corrosion resistance, and in case of molds and dies in high-pressure die casting also resistance against solution in the melt [3] .
Abrasive wear can occur in high-pressure casting molds due to insufficient mold cleaning between injection molding cycles in the area of the fitting surfaces between the mold parts. During this process, solidified particles of cast metal can act as abrasive particles. Depending on the shape and hardness of these particles, one of the following mechanisms of abrasive damage can occur: ploughing, cutting or fragmentation.
Adhesive wear of molds may occur in the event of insufficient lubrication and at high temperatures and friction rates. This results in an increase in the roughness of the mold surface and deterioration of the casting quality and process efficiency. The solubility of the mold material in the melt may also contribute to this. At high friction speeds in the presence of oxygen, oxidation of the mold material may also occur.
Thermal fatigue results from the cyclic change in the temperature of the functional mold surface relative to the material temperature next to the mold surface. These changes cause thermal stresses and lead to the formation of a network of cracks. Chander [4] and Chen [5] developed a thorough analysis of the thermal fatigue and identified the factors that affect it. They have been divided to die temperature cycle-related factors (preheating temperature, surface temperature of the die, holding time at peak temperature, cooling rate), basic die material properties' factors (thermal expansion coefficient, thermal conductivity, hot yield strength, temper resistance, creep strength, ductility) and to stress raisers' factors (fillets, holes and corners, surface roughness). Examples of high-pressure die damage after a certain lifetime period are shown in Figure 1 . Typically, the different types of wear occur in combination, interact and contribute to the resulting complex wear, while the prevailing wear mechanism can vary in the different phases of mold life. However, the resulting wear will also be affected by the solubility of the mold material in the melt. The dissolution of the mold material in the melt is prevented by the application of thin coatings on the functional surface of the mold by PVD or PE-CVD technology, but during operation these coatings may also be locally damaged and worn.
According to Chander [3] , mold production costs may account for up to 30% of the total production costs per product. According to Chen [5] up to 80% of the molds for automotive components have undergone renovation. Therefore, the topic of finding suitable ways of repairing and renovating molds is highly relevant.
In order to ensure the longest possible life for the die and detect the early stages of wear, it is necessary to regularly check the extent of mold damage. Since mold materials are mostly high-alloy steels with a higher carbon content, which means low weldability, a suitable technology for refilling worn material needs to be considered [6] . The philosophy of the architecture of welded clads designated for the restoration of HPDC molds requires the following conditions to be met: (a) the weld must be chemically inert towards the aluminum melt; (b) the welding must have specific mechanical, chemical and physical properties defined by the HPCD process, i.e., the weld must be resistant to wear and oxidation; (c) the weld must compensate for the thermal and residual stresses generated by the HPDC process; (d) the weld must have good adhesion to the substrates; and (e) the weld must be able to delay the thermal fatigue [7] [8] [9] .
Among the different deposition techniques, the fusion welding technologies (GTA-gas tungsten arc welding PTAW-plasma transferred arc welding, micro-GTAW, microplasma, laser powder deposition, EBW-electron beam welding, TIG-tungsten-electrode inert gas welding) are main welding techniques utilised in mold restoration [10] . Especially, laser cladding is a frequent topic of research [11] [12] [13] [14] .
During fusion welding, the metallurgical relationship between the base metal (BM) and deposited material varies with respect to time, volume and the pattern of deposition. As the different deposition process leads to different cooling rates, different sets of microstructures and residual stress states [13, 14] form. At high cooling rates (laser, plasma and EBW) austenite fully transforms into martensite. At lower cooling rates (GTAW), ferrite and pearlite are formed. At medium cooling rates, microstructures consisting of ferrite, pearlite, bainite and martensite are produced. Thus, various deposition techniques give rise to the formation of different material properties leading to different die and mold life. The post repairing life of dies and molds depends on the quality of repair, in addition with pre and post repair heat-treatments [4] .
One of the possibilities of restoring functional surfaces of injection molds or coremakers is with arc welding by CMT (cold metal transfer). Damaged parts of the molds are machined and, consequently, the layers are welded and deposited on these surfaces. Molds renovated this way are heat-treated and machined to the required dimensions and surface quality. The latest published research on mold restoration by welding [5, 6, [15] [16] [17] [18] aims to identify ways and possibilities to increase mold surface lifetime using CMT welding and to verify the suitability of the chemical composition of newly developed additive materials for mold restoration. Such layers will withstand the presented combinations of tribodegradation factors while being resistant to the action of the injected liquid.
Cold metal transfer technology has revolutionized welding of both similar and dissimilar metals for thick-sectioned components by producing improved weld bead aesthetics with controlled metal deposition and low heat input.
Selvi [19] provided a detailed description of the CMT process. In the CMT process, as soon as the electrode makes contact with the molten pool, the welding torch is reversed, causing the wire to retract, promoting droplet transfer. During metal transfer, the current drops to near-zero and thereby any spatter generation is avoided. When the metal transfer is completed, the arc is re-ignited and the wire is fed forward once more with set welding current reflowing. The procedure is continually repeated and automated [20] . Selvi [19] further analysed the metallography and metallurgy of joints created by CMT welding both for similar and dissimilar materials. Welding dissimilar materials with different melting temperatures results in the welding process being defined as a soldering technique, characterized by a narrow diffusion zone containing intermetallic phases.
Pang and Cong et al. [18, 21] investigated the influence of the heat input in CMT and modified the CMT welding process (CMT-pulsed, CMT-advanced, CMT-pulse advanced) to optimize the weld bead geometry and minimize porosity. Chen [17] studied CMT welding of mild steel under different welding conditions and the effect of cold metal transfer on the final weld geometry and weld quality. A combination of laser-CMT, TIG-CMT [22] , or the CMT method assisted with a hybrid magnetic field can also be used [23] .
The aim of the work is to verify the use of E Ni 6625, E 18 8 Mn B 2 2 materials (welding wires) on high-pressure casting die restoration from the point of view of their resistance to solubility in an ENAC-AlSi9 aluminum alloy melt. The ambition of the authors is also to design an effective method of evaluating the welded clads' resistance against dissolution in an Al-based melt for a better qualitative evaluation of welded clads used for the renovation of shaped parts of molds for the HPDC processes.
Materials and Methods
E Ni 6625 (EN ISO 14172) and E 18 8 Mn B 2 2 (EN ISO 3581-A) welds were deposited on steel plates with a thickness of 10 mm made of the base metal (X15CrNiSi20-12-EN 100 95) stainless steel using welding equipment Fronius Trans Puls Sinergic 5000 by CMT (Fronius International GmbH, Wels, Austria) in an argon protective atmosphere ( Figure 2 ). The welding parameters were: 155 A, 16.5 V, 8.5 m·min −1 with a wire feed of 8 m·min −1 . The chemical composition of the BM and the two wires used E Ni 6625 and E 18 8 Mn B 2 2 were analysed using a Belec Compact Port spectral chemical analyser (Belec Spektrometrie Opto-Elektronik GmbH, Georgsmarienhütte, Germany). The corresponding chemical compositions are shown in Table 1 . Mechanical properties of used materials given by the material producer are shown in Table 2 . [18, 21] investigated the influence of the heat input in CMT and modified the CMT welding process (CMT-pulsed, CMT-advanced, CMT-pulse advanced) to optimize the weld bead geometry and minimize porosity. Chen [17] studied CMT welding of mild steel under different welding conditions and the effect of cold metal transfer on the final weld geometry and weld quality. A combination of laser-CMT, TIG-CMT [22] , or the CMT method assisted with a hybrid magnetic field can also be used [23] .
E Ni 6625 (EN ISO 14172) and E 18 8 Mn B 2 2 (EN ISO 3581-A) welds were deposited on steel plates with a thickness of 10 mm made of the base metal (X15CrNiSi20-12-EN 100 95) stainless steel using welding equipment Fronius Trans Puls Sinergic 5000 by CMT (Fronius International GmbH, Wels, Austria) in an argon protective atmosphere ( Figure 2 ). The welding parameters were: 155 A, 16.5 V, 8.5 m·min −1 with a wire feed of 8 m·min −1 . The chemical composition of the BM and the two wires used E Ni 6625 and E 18 8 Mn B 2 2 were analysed using a Belec Compact Port spectral chemical analyser (Belec Spektrometrie Opto-Elektronik GmbH, Georgsmarienhütte, Germany). The corresponding chemical compositions are shown in Table 1 . Mechanical properties of used materials given by the material producer are shown in Table 2 . The appearance of the surface with the E Ni 6625 layer deposited is shown Figure 3 . The appearance of the surface with the E Ni 6625 layer deposited is shown Figure 3 . 
Immersion Test
In order to simulate real operating conditions, the weld resistance against dissolution was assessed in immersion in the aluminum alloy ENAC-AlSi9 melt. For the stated tests, samples of E Ni 6625 and E 18 8 Mn B 2 2 with dimensions of 20 mm × 20 mm × 10 mm were taken from a parent plate, where the weld deposit was on one side of the sample while the other side of the sample represented The appearance of the surface with the E Ni 6625 layer deposited is shown Figure 3 . 
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In order to simulate real operating conditions, the weld resistance against dissolution was assessed in immersion in the aluminum alloy ENAC-AlSi9 melt. For the stated tests, samples of E Ni 6625 and E 18 8 Mn B 2 2 with dimensions of 20 mm × 20 mm × 10 mm were taken from a parent plate, where the weld deposit was on one side of the sample while the other side of the sample represented the base material. The test specimens prepared in this way made it possible to test the resistance of the weld and base material in the melt of ENAC-AlSi9 simultaneously and under the same conditions. The ENAC-AlSi9 alloy melt then reacted with the clad and base material at the same temperature, for the same time and with the same chemical composition as the ENAC-AlSi9 alloy melt. Such an experimental setup provided information on the relative resistance of the weld deposit and the base material against dissolution in the ENAC-AlSi9 alloy melt. The aluminum alloy melt was prepared from portions of AlSi9 aluminum alloy, which were embedded into ceramic crucibles and heated in a laboratory furnace to the melting point of the alloy. The temperature of the alloy was maintained at 680 ± 20 • C, which is the casting temperature of ENAC-AlSi9 alloy in pressurized casting on machines with cold filling chambers. All test samples were fastened in the vertical position and completely immersed in a still melt in ceramic crucibles. Test samples were exposed to the aluminum alloy melt for 120 and 300 min, then removed from the melt and cooled freely in still air. On both surfaces of the samples solid aluminum alloy remained.
Samples intended for analyses using light and scanning electron microscopes were taken from experimental clads by electrospark machining, mounted in conductive dentacryle, wet grinded on a set of abrasive papers of grit size # 240, 400, 600 and 800, polished using 0.9, 0.3 and 0.1 µm diamond emulsions on appropriate bases, and washed and rinsed with alcohol. The microstructure of the welded clads and base material were highlighted by etching in the following etching agents: E 18 8 Mn B 2 2-120 mL CH 3 COOH, 20 mL HCl, 3 g picric acid, 144 mL CH 3 OH), E Ni 6625-5 mL HNO 3 , 25 mL HCl and 30 mL distilled water, base material BM-1 g picric acid, 5 mL HCl, 97 mL ethyl alcohol. Microstructures were observed using and OLYMPUS GX71 light optical microscope (OLYMPUS Europa Holding GmbH, Hamburg, Germany). Prior to observation, samples underwent ultrasonic cleaning in methanol. For material quality assessment, EDX microanalyses of element distribution at the interface between welded clads or BM and ENAC AlSi9 melt after exposure, a SEM EVO MA15 environmental scanning electron microscope (Carl Zeiss, Jena, Germany) with integrated analytical units EDX and WDX (Oxford Instruments, Abingdon, UK) was used. For SEM analyses, regime SEI (secondary electron) with an accelerating voltage of 20 kV and a distance from the sample surface of 10 mm and BSE (backscaterred electron) regime, allowing the observation of chemical contrast were used.
Diffraction measurements were performed on a Philips X'Pert PRO MDP (PANalytical Inc., Almelo, the Netherlands) device using Cu radiation. The acquisition time of each sample was 42.8 min. The phase composition of the samples was determined using the PDF2 database and the subsequent Rietveld structure refinement was performed using MAUD software (version 2.92 (29.07.2019), Trento, Italy) [24] . Hardness was measured using a Vickers 432 SVD hardness tester (Wolpert Wilson Instruments, Division of INSTRON DEUTSCHLAND GmbH, Aachen, Germany) at a load of 98.07 N for 15 s. Figure 5 shows the microstructure of the E Ni 6625 layer from the surface to the base material. In the upper and middle parts of the layer, columnar and coaxial dendritic microstructure were identified. The main axes of the dendrites were oriented in the direction of the maximum temperature gradient during solidification of the weld melt. Dendrites showed an uneven and random orientation during growth. The orientation of the growth dendrites suggests that heat was particularly conducted by the base material. The direction of heat flow at cooling was perpendicular to the surface of the base material, and as a result, directionally-oriented dendrites were formed. In the fusion zone, light and electron microscopy confirmed good metallurgical bonding of the weld deposit to the base material. During the CMT process, the individual layers of cladding are formed by a rapid solidification process Metals 2019, 9, 1232 7 of 23 that begins with the formation of a continuous austenitic matrix based on the nickel-phase γ. The γ phase typically contains a high percentage of the elements forming substitute solid solutions, e.g., Cr, Mo [24, 25] . phase typically contains a high percentage of the elements forming substitute solid solutions, e.g., Cr, Mo [24, 25] . At the bottom of the E Ni 6625 clad, at the fusion zone, the iron concentration was increased as a result of intensive mixing of the base material with the weld clad ( Figure 6 , Table 3 ). Elements present in BM steel were detected by local EDX microanalysis in the BM (Table 3 ). In a fusion zone of thickness of 3-4 μm, molybdenum and silicon were present in the iron matrix in addition to the chromium alloy ( Table 3 ). At the bottom of the E Ni 6625 clad, at the fusion zone, the iron concentration was increased as a result of intensive mixing of the base material with the weld clad ( Figure 6 , Table 3 ). Elements present in BM steel were detected by local EDX microanalysis in the BM (Table 3 ). In a fusion zone of thickness of 3-4 µm, molybdenum and silicon were present in the iron matrix in addition to the chromium alloy ( Table 3) . phase typically contains a high percentage of the elements forming substitute solid solutions, e.g., Cr, Mo [24, 25] .
Results and Discussion

Microstructure Characterization
Microstructure of E Ni 6625 Welded Clad
. At the bottom of the E Ni 6625 clad, at the fusion zone, the iron concentration was increased as a result of intensive mixing of the base material with the weld clad ( Figure 6 , Table 3 ). Elements present in BM steel were detected by local EDX microanalysis in the BM (Table 3 ). In a fusion zone of thickness of 3-4 μm, molybdenum and silicon were present in the iron matrix in addition to the chromium alloy ( Table 3 ). dendrites are formed immediately and the remaining melt is enriched with Nb and Mo. Due to dendritic segregation at the dendrite-melt boundary, interdendritic areas are enriched with Nb and Mo [26, 27] . Reallocation of alloying elements was observed in the central part of the weld deposit as well as on its surface (Figure 7 , Tables 4 and 5) . dendritic segregation at the dendrite-melt boundary, interdendritic areas are enriched with Nb and Mo [26, 27] . Reallocation of alloying elements was observed in the central part of the weld deposit as well as on its surface (Figure 7 , Tables 4 and 5 ). Information on the distribution of alloying elements in Tables 4 and 5 in the E Ni 6625 weld were obtained by the EDX surface and point microanalyses of welds, mixing zone and base material. The distribution of alloying elements in E Ni 6625 welds before immersion in the aluminium alloy melt was uniform with no locally-increased concentration (Figure 8 ). Information on the distribution of alloying elements in Tables 4 and 5 in the E Ni 6625 weld were obtained by the EDX surface and point microanalyses of welds, mixing zone and base material. The distribution of alloying elements in E Ni 6625 welds before immersion in the aluminium alloy melt was uniform with no locally-increased concentration (Figure 8 ). Intensive mixing of the weld metal during the welding process and locally different solidification rates of the weld metal were a potential source of local heterogeneities in the chemical composition of the weld deposit [29, 30] .
The concentrations of Cr, Ni and Mn corresponded to the values for the base material and E 18 8 Mn B 2 2. EDX mapping showed no heterogeneity in the distribution of Mn, Cr and Ni alloys in the fusion zone and in the weld deposit. Distribution of alloying elements in E 18 8 Mn B 2 2 welds before immersion in the aluminum alloy melt was uniform with no locally-increased concentration ( Figure  10 ). Intensive mixing of the weld metal during the welding process and locally different solidification rates of the weld metal were a potential source of local heterogeneities in the chemical composition of the weld deposit [29, 30] .
The concentrations of Cr, Ni and Mn corresponded to the values for the base material and E 18 8 Mn B 2 2. EDX mapping showed no heterogeneity in the distribution of Mn, Cr and Ni alloys in the fusion zone and in the weld deposit. Distribution of alloying elements in E 18 8 Mn B 2 2 welds before immersion in the aluminum alloy melt was uniform with no locally-increased concentration ( Figure 10 ). Figure 11 and Table 6 show the results of the phase analysis of welded clads. Figure 11a shows a refined diffraction spectrum of E Ni 6625. One phase with a spatial group 3 was identified that corresponds to the austenitic phase in the weld deposit. The parameters are shown in Table 6 . Figure  11b shows a fitted diffraction spectrum of E 18 8 Mn B 2 2. Two phases have been identified in welded clads. The majority phase is the same as for E Ni 6625. The minority phase will need to be dealt with in more detail because there was not a sufficient signal of weaker reflections to identify it. For fitting the structure, the phase 3 corresponding to the α-Fe phase was used. Output fitted parameters are also shown in Table 6 . Figure 11 and Table 6 show the results of the phase analysis of welded clads. Figure 11a shows a refined diffraction spectrum of E Ni 6625. One phase with a spatial group Fm3m was identified that corresponds to the austenitic phase in the weld deposit. The parameters are shown in Table 6 . Figure 11b shows a fitted diffraction spectrum of E 18 8 Mn B 2 2. Figure 11 and Table 6 show the results of the phase analysis of welded clads. Figure 11a shows a refined diffraction spectrum of E Ni 6625. One phase with a spatial group 3 was identified that corresponds to the austenitic phase in the weld deposit. The parameters are shown in Table 6 . Figure  11b shows a fitted diffraction spectrum of E 18 8 Mn B 2 2. Two phases have been identified in welded clads. The majority phase is the same as for E Ni 6625. The minority phase will need to be dealt with in more detail because there was not a sufficient signal of weaker reflections to identify it. For fitting the structure, the phase 3 corresponding to the α-Fe phase was used. Output fitted parameters are also shown in Table 6 . Two phases have been identified in welded clads. The majority phase is the same as for E Ni 6625. The minority phase will need to be dealt with in more detail because there was not a sufficient signal of weaker reflections to identify it. For fitting the structure, the phase Im3m corresponding to the α-Fe phase was used. Output fitted parameters are also shown in Table 6 .
The hardness of the E 18 8 Mn B 2 2 and E Ni 6625 deposited on the BM was measured in the weld metal, the fusion zone and the heat-affected zone of the base material ( Figure 12 ). The hardness of the E 18 8 Mn B 2 2 and E Ni 6625 deposited on the BM was measured in the weld metal, the fusion zone and the heat-affected zone of the base material ( Figure 12 ). 
Immersion Test
Immersion Test of E Ni 6625
The resistance of E Ni 6625 welds on the base material of BM quality was tested by complete immersion in the ENAC-AlSi9 aluminum alloy melt maintained at a temperature of 680 ± 20 °C in a laboratory resistance furnace for 120 and 300 min (Figures 13 and 14) . When the welded clad is immersed in the melt at temperature of 680 ± 20 °C, dissolution reactions at the clad-melt boundary, mass transfer to the melt or mass transfer from the melt to the clad-melt boundary and precipitation and recrystallization processes continuously occur in the melt [31] [32] [33] . The microstructure and composition of intermetallic compounds in the system E Ni 6625 and ENAC-AlSi9 melt was studied on test samples with the weld deposit following the methodology mentioned in Section 2.
After 120 min exposure in the melt, a layered structure of intermetallic compounds arose at the boundary of the E Ni 6625 weld deposit and the solidified melt of the aluminum alloy. There was a compact layer in the solidified melt zone of the aluminum alloy, closely adjacent to the E Ni 6625 deposit in which Al, Si, Fe, Cr, Mo and Ni were detected. At the boundary of the E Ni 6625 deposit and the solidified aluminum alloy melt, there was a higher nickel concentration than in the rest of the layer (Figure 15 , Table 7 ). 
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The resistance of E Ni 6625 welds on the base material of BM quality was tested by complete immersion in the ENAC-AlSi9 aluminum alloy melt maintained at a temperature of 680 ± 20 • C in a laboratory resistance furnace for 120 and 300 min (Figures 13 and 14) . When the welded clad is immersed in the melt at temperature of 680 ± 20 • C, dissolution reactions at the clad-melt boundary, mass transfer to the melt or mass transfer from the melt to the clad-melt boundary and precipitation and recrystallization processes continuously occur in the melt [31] [32] [33] . The microstructure and composition of intermetallic compounds in the system E Ni 6625 and ENAC-AlSi9 melt was studied on test samples with the weld deposit following the methodology mentioned in Section 2. The hardness of the E 18 8 Mn B 2 2 and E Ni 6625 deposited on the BM was measured in the weld metal, the fusion zone and the heat-affected zone of the base material ( Figure 12 ). 
Immersion Test
Immersion Test of E Ni 6625
After 120 min exposure in the melt, a layered structure of intermetallic compounds arose at the boundary of the E Ni 6625 weld deposit and the solidified melt of the aluminum alloy. There was a compact layer in the solidified melt zone of the aluminum alloy, closely adjacent to the E Ni 6625 deposit in which Al, Si, Fe, Cr, Mo and Ni were detected. At the boundary of the E Ni 6625 deposit and the solidified aluminum alloy melt, there was a higher nickel concentration than in the rest of the layer (Figure 15 , Table 7 ). Table 8 ). After 120 min exposure in the melt, a layered structure of intermetallic compounds arose at the boundary of the E Ni 6625 weld deposit and the solidified melt of the aluminum alloy. There was a compact layer in the solidified melt zone of the aluminum alloy, closely adjacent to the E Ni 6625 deposit in which Al, Si, Fe, Cr, Mo and Ni were detected. At the boundary of the E Ni 6625 deposit and the solidified aluminum alloy melt, there was a higher nickel concentration than in the rest of the layer (Figure 15 , Table 7 ). The resistance of E Ni 6625 welded clad against dissolution after immersion time 300 min in ENAC-AlSi9 alloy was analysed in the same way. After immersion in the melt, a massive layered intermetallic compound structure was formed at the boundary of the E Ni 6625 welded clad and the solidified melt. A compact layer based on Al-Si-Fe-Cr-Mo-Ni was contained in the solidified melt of the aluminum alloy adjacent to the E Ni 6625 clad. At the boundary of the solidified melt of the aluminum alloy and the E Ni 6625 weld deposit, the concentration of Ni and Fe in the compact layer was increased relative to the rest of the layer. The concentration of Cr and Fe was approximately half that of the weld deposit ( Figures 15-17 , Table 8 ).
Qualitative areal and line microanalysis provided information on the distribution of Fe, Cr and Ni in a compact layer on the boundary of the E Ni 6625 clad and the solidified aluminum melt (Figures 16 and 17) . In a mixture of solidified melt of AlSi9 alloy, corrosion products of the melt with E Ni 6625, intermetallic compounds were observed as layered structures or isolated blocks in the liquid portion of the melt after solidification. Analogous observations have been made in [34] [35] [36] [37] [38] . Intermetallic compounds of NiAl3, Ni2Al3, NiAl, Ni5Al3 and Ni3Al types have been observed in the Ni-Al binary system at a temperature range of 550-900 °C. In all binary intermetallic compounds, the solubility of silicon, which was a substitute for aluminum, was limited [34, 35] .
The aim of analyses of the compact layer at the boundary of weld deposit and corrosion products coming from reaction between the melt and welded clads was to identify the thickness of the corrosion products which would be suitable for qualitative assessment of welded clad resistance to corrosion dissolution in the melt of aluminum alloy ENAC-AlSi9.
Immersion Test of E 18 8 Mn B 2 2
The resistance of E 18 8 Mn B 2 2 deposited on the base material of BM quality was tested by complete immersion in the aluminum alloy melt ENAC-AlSi9 maintained at a temperature of 680 ± 20 °C in a laboratory resistance furnace for 120 and 300 min. In both cases welds reacted with the aluminum alloy melt with different intensities (Figures 18 and 19 , Table 9 ).
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Fe Kα1 μm μm μm μm Figure 17 . EDX line microanalysis. In a mixture of solidified melt of AlSi9 alloy, corrosion products of the melt with E Ni 6625, intermetallic compounds were observed as layered structures or isolated blocks in the liquid portion of the melt after solidification. Analogous observations have been made in [34] [35] [36] [37] [38] . Intermetallic compounds of NiAl 3 , Ni 2 Al 3 , NiAl, Ni 5 Al 3 and Ni 3 Al types have been observed in the Ni-Al binary system at a temperature range of 550-900 • C. In all binary intermetallic compounds, the solubility of silicon, which was a substitute for aluminum, was limited [34, 35] .
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The resistance of E 18 8 Mn B 2 2 deposited on the base material of BM quality was tested by complete immersion in the aluminum alloy melt ENAC-AlSi9 maintained at a temperature of 680 ± 20 • C in a laboratory resistance furnace for 120 and 300 min. In both cases welds reacted with the aluminum alloy melt with different intensities (Figures 18 and 19 , Table 9 ). In a mixture of solidified melt of AlSi9 alloy, corrosion products of the melt with E Ni 6625, intermetallic compounds were observed as layered structures or isolated blocks in the liquid portion of the melt after solidification. Analogous observations have been made in [34] [35] [36] [37] [38] . Intermetallic compounds of NiAl3, Ni2Al3, NiAl, Ni5Al3 and Ni3Al types have been observed in the Ni-Al binary system at a temperature range of 550-900 °C. In all binary intermetallic compounds, the solubility of silicon, which was a substitute for aluminum, was limited [34, 35] .
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Fe Kα1 μm μm Table 10 ). The Cr concentration was approximately half that of the weld deposit. Table 10 ). The Cr concentration was approximately half that of the weld deposit. Analogously, samples of E 18 8 Mn B 2 2 deposited on the BM base material were analysed after a 300 min immersion in AlSi9 alloy melt. After an exposure time of 300 min in the AlSi9 alloy melt, a massive layered intermetallic compound structure based on Al, Si, Fe and Cr was formed at the boundary of the E 18 8 Mn B 2 2 welded clad and the solidified melt ( Figures 20 and 21 , Table 10 ). The Cr concentration was approximately half that of the weld deposit. The uniform distribution of aluminum, iron, chromium and nickel was detected in the compact layer using the qualitative areal and line EDX microanalysis at the boundary of the E 18 8 Mn B 2 2 cladding and the solidified aluminum alloy melt ENAC-AlSi9, Figure 22 . 
Immersion Test of the Base Material
Immersion tests of 18Cr-10Ni stainless steel (BM) in the melt of the ENAC-AlSi9 alloy at 680 ± 20 °C showed that the dissolution process was non-selective and diffusion-driven. After immersion times of 120 and 300 min, it was determined that, between the steel BM and the melt, two intermetallic layers were formed at a temperature of 680 ± 20 °C (Figure 23 ). 
Immersion tests of 18Cr-10Ni stainless steel (BM) in the melt of the ENAC-AlSi9 alloy at 680 ± 20 • C showed that the dissolution process was non-selective and diffusion-driven. After immersion times of 120 and 300 min, it was determined that, between the steel BM and the melt, two intermetallic layers were formed at a temperature of 680 ± 20 • C (Figure 23 ). The compact layer adjacent to the steel surface of BM steel consists of iron-and aluminum-based compounds (Table 11, Figure 24 ). A layer consists of insulated blocks of corrosion products in the liquid part of the ENAC-AlSi9 melt after solidification. Temporary joints between the BM steel and the solidified ENAC-AlSi9 melt were formed by the interaction of a solid steel base material with the liquid aluminum alloy melt. Consistent with [39] [40] [41] [42] [43] [44] [45] [46] , it was found that the resistance of stainless steel BM in an ENAC-AlSi9 melt at 680 ± 20 °C tested by the immersion technique was a diffusion-controlled non-selective dissolution process. The compact layer adjacent to the steel surface of BM steel consists of iron-and aluminum-based compounds (Table 11, Figure 24 ). A layer consists of insulated blocks of corrosion products in the liquid part of the ENAC-AlSi9 melt after solidification. Temporary joints between the BM steel and the solidified ENAC-AlSi9 melt were formed by the interaction of a solid steel base material with the liquid aluminum alloy melt. Table 11 . BM/680 ± 20 • C/120 min/ENAC-AlSi9. EDX semi-quantitative microanalyses. The compact layer adjacent to the steel surface of BM steel consists of iron-and aluminum-based compounds (Table 11, Figure 24 ). A layer consists of insulated blocks of corrosion products in the liquid part of the ENAC-AlSi9 melt after solidification. Temporary joints between the BM steel and the solidified ENAC-AlSi9 melt were formed by the interaction of a solid steel base material with the liquid aluminum alloy melt. Consistent with [39] [40] [41] [42] [43] [44] [45] [46] , it was found that the resistance of stainless steel BM in an ENAC-AlSi9 melt at 680 ± 20 °C tested by the immersion technique was a diffusion-controlled non-selective dissolution process. The compact layer adjacent to the steel surface of BM steel consists of iron-and aluminum-based compounds (Table 11, Figure 24 ). A layer consists of insulated blocks of corrosion products in the liquid part of the ENAC-AlSi9 melt after solidification. Temporary joints between the BM steel and the solidified ENAC-AlSi9 melt were formed by the interaction of a solid steel base material with the liquid aluminum alloy melt. Consistent with [39] [40] [41] [42] [43] [44] [45] [46] , it was found that the resistance of stainless steel BM in an ENAC-AlSi9 melt at 680 ± 20 °C tested by the immersion technique was a diffusion-controlled non-selective dissolution process. Consistent with [39] [40] [41] [42] [43] [44] [45] [46] , it was found that the resistance of stainless steel BM in an ENAC-AlSi9 melt at 680 ± 20 • C tested by the immersion technique was a diffusion-controlled non-selective dissolution process.
Results of the EDX semi-quantitative analysis together with EDX line microanalysis of the layer formed on the surface of base material after 300 min of immersion in melt are shown in Table 12 and Figure 25 . The layers formed on the surface of chromium-nickel austenitic steel (BM) consisted of two areas: the top aluminum layer and the aluminide layer at the boundary between Cr-Ni steel and the solidified melt of the ENAC-AlSi9 alloy. The top aluminum layer consisted of intermetallic phases, based on Al-Cr and Al-Fe dispersed in an aluminum matrix. Analogous microstructures of layers formed on the surface of chromium-nickel austenitic steel after exposure to aluminum melt have been observed in several works [39] [40] [41] .
Measurement of Compact Layer Thickness
The aim of analyses of the compact layer on the boundary of weld deposit and corrosion products coming from melt/welded clad reaction was to identify the thickness of the corrosion products that would be suitable for qualitative assessment of weld resistance to corrosion dissolution in the melt of aluminum alloy ENAC-AlSi9. These are tests of corrosion resistance of welded clads in the melt of aluminum alloy ENAC-AlSi9 carried out on test specimens manufactured in such a way that the weld clad and the base material are tested simultaneously. For the purposes of this research, we have defined a compact layer as an area with a qualitatively even distribution of those weld deposit elements that have reacted intensively with the aluminum alloy melt ENAC-AlSi9. Results of the EDX semi-quantitative analysis together with EDX line microanalysis of the layer formed on the surface of base material after 300 min of immersion in melt are shown in Table 12 and Figure 25 . The layers formed on the surface of chromium-nickel austenitic steel (BM) consisted of two areas: the top aluminum layer and the aluminide layer at the boundary between Cr-Ni steel and the solidified melt of the ENAC-AlSi9 alloy. The top aluminum layer consisted of intermetallic phases, based on Al-Cr and Al-Fe dispersed in an aluminum matrix. Analogous microstructures of layers formed on the surface of chromium-nickel austenitic steel after exposure to aluminum melt have been observed in several works [39] [40] [41] .
The aim of analyses of the compact layer on the boundary of weld deposit and corrosion products coming from melt/welded clad reaction was to identify the thickness of the corrosion products that would be suitable for qualitative assessment of weld resistance to corrosion dissolution in the melt of aluminum alloy ENAC-AlSi9. These are tests of corrosion resistance of welded clads in the melt of aluminum alloy ENAC-AlSi9 carried out on test specimens manufactured in such a way that the weld clad and the base material are tested simultaneously. For the purposes of this research, we have defined a compact layer as an area with a qualitatively even distribution of those weld deposit elements that have reacted intensively with the aluminum alloy melt ENAC-AlSi9. The thickness of The layers formed on the surface of chromium-nickel austenitic steel (BM) consisted of two areas: the top aluminum layer and the aluminide layer at the boundary between Cr-Ni steel and the solidified melt of the ENAC-AlSi9 alloy. The top aluminum layer consisted of intermetallic phases, based on Al-Cr and Al-Fe dispersed in an aluminum matrix. Analogous microstructures of layers formed on the surface of chromium-nickel austenitic steel after exposure to aluminum melt have been observed in several works [39] [40] [41] .
The aim of analyses of the compact layer on the boundary of weld deposit and corrosion products coming from melt/welded clad reaction was to identify the thickness of the corrosion products that would be suitable for qualitative assessment of weld resistance to corrosion dissolution in the melt of aluminum alloy ENAC-AlSi9. These are tests of corrosion resistance of welded clads in the melt of aluminum alloy ENAC-AlSi9 carried out on test specimens manufactured in such a way that the weld clad and the base material are tested simultaneously. For the purposes of this research, we have defined a compact layer as an area with a qualitatively even distribution of those weld deposit elements that have reacted intensively with the aluminum alloy melt ENAC-AlSi9. The thickness of this compact layer, measured on a series of cross-sections by light microscopy was used as a criterion for assessing the corrosion resistance of weld deposits in the ENAC-AlSi9 aluminum alloy melt. Separated blocks of corrosion products in the liquid part of the melt after solidification were not included in the corrosion resistance evaluation in this method. The reason was the high heterogeneity in the distribution of corrosion products in the liquid part of the aluminum alloy after its solidification. The idea of assessing the thickness of the compact layer was the result of an effort to propose a simple method for qualitatively assessing the relative corrosion resistance of the welded clads against to the base material in the aluminum alloy melt. For these reasons, the analyses were focused only on the compact layer of corrosion products at the welded clad/solidified melt boundary. The ratio of the thickness of the compact intermetallic layer formed on the base material and welded clad was used as a criterion of corrosion resistance assessment in the melt of the aluminum alloy ENAC-AlSi9. Measurement of the thickness of the compact layer of the individual welded clads and base material was performed by light microscopy technique on metallographic cross-sections. The number of thickness measurement was approximately 400 for each weld deposit exposed in the ENAC-AlSi9 aluminum alloy melt for 120 min and 300 min (Table 13, Figure 26 ). this compact layer, measured on a series of cross-sections by light microscopy was used as a criterion for assessing the corrosion resistance of weld deposits in the ENAC-AlSi9 aluminum alloy melt. Separated blocks of corrosion products in the liquid part of the melt after solidification were not included in the corrosion resistance evaluation in this method. The reason was the high heterogeneity in the distribution of corrosion products in the liquid part of the aluminum alloy after its solidification. The idea of assessing the thickness of the compact layer was the result of an effort to propose a simple method for qualitatively assessing the relative corrosion resistance of the welded clads against to the base material in the aluminum alloy melt. For these reasons, the analyses were focused only on the compact layer of corrosion products at the welded clad/solidified melt boundary. The ratio of the thickness of the compact intermetallic layer formed on the base material and welded clad was used as a criterion of corrosion resistance assessment in the melt of the aluminum alloy ENAC-AlSi9. Measurement of the thickness of the compact layer of the individual welded clads and base material was performed by light microscopy technique on metallographic cross-sections. The number of thickness measurement was approximately 400 for each weld deposit exposed in the ENAC-AlSi9 aluminum alloy melt for 120 min and 300 min ( Table 13 , Figure 26 ). It can be seen from Figure 26 that the compact layer thickness resulting from the dissolution of the weld deposit was greater than the layer thickness formed on the base material. The layer of intermetallic compounds on the E Ni 6625 surface reached three times the thickness of the E 18 8 Mn B 2 2 surfacing product layer. The ratio of the intermetallic layer thickness formed on base material to that one formed on welded clad was used as a criterion of corrosion resistance against dissolution in the melt of the aluminum alloy ENAC-AlSi9 (Figure 27 ). It can be seen from Figure 26 that the compact layer thickness resulting from the dissolution of the weld deposit was greater than the layer thickness formed on the base material. The layer of intermetallic compounds on the E Ni 6625 surface reached three times the thickness of the E 18 8 Mn B 2 2 surfacing product layer. The ratio of the intermetallic layer thickness formed on base material to that one formed on welded clad was used as a criterion of corrosion resistance against dissolution in the melt of the aluminum alloy ENAC-AlSi9 (Figure 27 ). Relative corrosion resistance of cladding corresponds to their thickness. The E Ni 6625 and E 18 8 Mn B 2 2 welded clads have lower weld resistance than the base material. The intense reaction of aluminum melt with E Ni 6625 melt was observed on the samples (Figures 13 and 15 ). The resistance of E 18 8 Mn B 2 2 weld (Figures 18 and 20) and BM in the aluminum alloy melt (Figures 23 and 26 ) was higher than the resistance of E Ni 6625 weld. During the 120 and 300 min exposures of E Ni 6625 weld in the aluminum alloy melt a complex reaction of aluminum alloy EN AB ENAC-AlSi9 with alloying elements present in the welds was observed. Using the qualitative elemental EDX microanalysis on the surface of the E Ni 6625 weld individual complex phases based on chromium, nickel, iron, molybdenum and niobium were observed ( Table 7, 
Conclusions
This paper presents the results of the research focused on the possibility of the renovation of shape parts of mold in the technology of aluminum casting under high pressure. The quality of two weld types-E Ni 6625 and E 18 8 Mn B 2 2-in aluminum alloy melt EN AB ENAC-AlSi9 was determined experimentally. For the production of welds the technology of CMT welding in a protective atmosphere of Ar was used.
The welds used for mold renovation are complexly loaded-mechanically (erosion, abrasion), chemically (high-temperature corrosion) and thermally (thermal shocks). The interaction between the weld and the processed melt is a complex process. The results of this process reflect the superposition the mutual chemical reactions, the specific mechanical, chemical and physical properties of the weld, its ability to resist wear and oxidation, to compensate for the thermal and residual stresses generated by the HPDC process and to delay the onset of thermal fatigue. Moreover, during the life cycle of the die, the dominant degradation mechanism changes, the individual degradative factors interact, and their significance and intensity change over time. To study this complex problem is experimentally challenging. That is why the authors have focused on studying the resistance against dissolution in molten metal. Samples were exposed to the aluminum alloy melt for 120 and 300 min. The EDX microanalyses of element distribution were performed at the welding interface. Relative corrosion resistance of cladding corresponds to their thickness. The E Ni 6625 and E 18 8 Mn B 2 2 welded clads have lower weld resistance than the base material. The intense reaction of aluminum melt with E Ni 6625 melt was observed on the samples (Figures 13 and 15 ). The resistance of E 18 8 Mn B 2 2 weld (Figures 18 and 20) and BM in the aluminum alloy melt (Figures 23 and 26) was higher than the resistance of E Ni 6625 weld. During the 120 and 300 min exposures of E Ni 6625 weld in the aluminum alloy melt a complex reaction of aluminum alloy EN AB ENAC-AlSi9 with alloying elements present in the welds was observed. Using the qualitative elemental EDX microanalysis on the surface of the E Ni 6625 weld individual complex phases based on chromium, nickel, iron, molybdenum and niobium were observed (Tables 7 and 8 
The welds used for mold renovation are complexly loaded-mechanically (erosion, abrasion), chemically (high-temperature corrosion) and thermally (thermal shocks). The interaction between the weld and the processed melt is a complex process. The results of this process reflect the superposition the mutual chemical reactions, the specific mechanical, chemical and physical properties of the weld, its ability to resist wear and oxidation, to compensate for the thermal and residual stresses generated by the HPDC process and to delay the onset of thermal fatigue. Moreover, during the life cycle of the die, the dominant degradation mechanism changes, the individual degradative factors interact, and their significance and intensity change over time. To study this complex problem is experimentally challenging. That is why the authors have focused on studying the resistance against dissolution in molten metal. Samples were exposed to the aluminum alloy melt for 120 and 300 min. The EDX microanalyses of element distribution were performed at the welding interface.
Experimental work confirmed that after 120 and 300 min exposure of E Ni 6625 welds in aluminum alloy melt, a complex reaction of aluminum alloy EN AB ENAC-AlSi9 with alloying elements present in the welds was observed. Using the qualitative elemental microanalysis EDX on the surface of the E Ni 6625 and E 18 8 Mn B 2 2 welded clads individual complex phases based on chromium, nickel, iron, molybdenum and niobium were detected as a result of reaction between them and molten aluminum metal. An intense reaction of the aluminum melt with the E Ni 6625 weld occurred. Resistance of the E 18 8 Mn B 2 2 weld and the underlying material BM in the aluminum alloy melt was higher than the resistance of the E Ni 6625 weld.
The resistance of welded clads in molten aluminum alloy EN AB ENAC-AlSi9 is a superposition of several processes, the intensity of which varies during exposition of welded clads and base material in the melt. The different corrosion resistance of welded clads in the EN AB ENAC-AlSi9 melt is determined by the different chemical concepts of the weld deposits. Welding wire E Ni 6625 was Ni-based and wire E 108 8 Mn B 2 2 was Fe-based. Processes of the interaction in the melt generally consist of dissolution reactions at the clad-melt boundary, mass transfer to the melt or mass transfer from the melt to clad-melt boundary and the precipitation and recrystallization processes. These processes take place continuously on the surface of the base material and welded clads and under the same experimental conditions. Such an experimental arrangement makes it possible to effectively evaluate the relative resistance of the materials used for the renovation of molds against dissolution in the melt compared to the original mold material. The resistance of the materials used for mold renovation should not be less than that of the original mold material.
Based on the experiments carried out it can be stated that the evaluated types of welds are not suitable for the renovation of the shape parts of molds because the elements are dissolved in contact with the aluminum alloy. For this type of renovation a combination of welds and duplex PVD coating can be recommended.
